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@ Immunoassay methods and reagents and methods for producing the latter. 

(g) Immunoassay and methods for using fluorescent chelates 
of lanthanide metal ions in conjunction with immunoreactive 
bodies to permit fluorescent assay in liquid or dry samples. The 
assay reagent comprises a residue of an immunoreactive body 
linked to a residue of a protein or polypeptide. The protein or 
polypeptide is labelled by substitution with a ligand forming a 
fluorescent chelate with lanthanide metal ion such as europium. 
The reagent when used in an Immunoassay, binds to the 
immobilized immunoreactive body and excess is washed away. 
The sample can be dried for later analysis by a suitable 
flubremeter. 
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Description 

IMMUNOASSAY METHODS AND REAGENTS AND METHODS FOR PRODUCING THE LATTER 

The present invention relates to immunoassay methods and reagents employing fluorescent oheiates of 
"tESS oTsuoSates has numerous advantages. However, the known reagents and methods have not 
been as convenient and as effective as 's desirable (European patent application 

In applicant's Canadian patent 4 *£2 wherein Immunoreactive bodies are bound to a 

85305477.3. filed July 31 . 1985) applicant Jias d«*Md assays , ligand ^ forms a 

soiid phase, the bodies having connec tad ta , them as '^ u %^^ res ^5 the Llate,theco mp tex 
fluorescent chelate with lanthan.de metal Ion. In ^^J^^SSSiom the solid phase to the bulk of 
is dissociated with a Associating solu jon to cause of sensitivit y:since the presence 

the solution. The ™asurement o^ beam and y Qf the emitted light 

of liquid phase causes s.gn. .cant ^^^VvS^mmunocomjAexBS are formed bound to a solid 
Applicant is also aware of pnor assay meXh °° s ™™™, "lanthanide metal ion. especially europium, 
phase comprising bodies having as marker or label ^^'^^r^S solution is added which 
fn order to determine the quantity of T e " ro P' u rf^ 

wi^^^ 

° f - excess of - 

development solution. „,„«,»„ n n immunoassay method comprises immobilizing 

in accordance with an aspect of the .nvent ion w t™™™**^™ bodies are reacte d with the 
immunoreactive bodies on a solid phase. ^7'*™^ connected thereto 

immobilized immunoreactive bodies. The .^^^^SS^SeSuM wherein the metal Ion is 
moieties of a ligand forming w.th lanthan.de metal .on < i J " uores ^ n th ^ m ^ obilized immunoreactive bodies, 
stably retained. The complementary .mmunoreactive bod ^md to the immo w imm0 bilized 

excess of lanthanide metal ion the math od is '™uin e raDi ^ io || jatj prob , em s of absorption 

T^rprete^dTrm. the comp.ementary = 

non-covalently (e.g. through a b otm-avidm or ^g^So^S^ A^S3^« applications, the disclosure 
carboxylic acid disclosed in appl.cant's abo ^"t ,0 ™ d e ™ are represented as follows 

of which is hereby incorporated by reference. T ^e Preferred mo ,aT a . ^ f compounds C f 

1 io-phenanthroline-2.9-dicarboxyllc acid compound selected from the group cons.s g 
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wherein: 

each Ri to R6 group is independently hydrogen, X-fR7^"n or Rs-, 

wherein X is -S03"M + wherein M is metal ion or is a functional group which couples covalently with proteins 
or a group readily convertible to a functional group which couples covalently with proteins, R7 is a divalent 
aliphatic residue having 1 to 12 carbons, or a divalent carbocycfic or heterocyclic residue having 3 to 12 
carbons, and n is 0 or 1, and 

wherein Re is an aliphatic group having 1 to 12 carbons, or a carbocyclic or heterocyclic group having 3 to 12 
carbons or one or more pairs of adjacent Ri to R6 groups form together with the carbons to which they are 
substituents (a) a carbocyclic or heterocyclic ring containing 3 to 12 carbons, (b) an X-substituted carbocyclic 
or heterocyclic ring of the general formula la: 
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wherein 
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is a divalent carbocyclic or residue having 1 to 12 carbons, X has the signification given above, and m is an 
integer from 1 to 4, or (c) an orthoquinone linkage: 



O 



O 

- — < 

with the proviso that at least one of Ri to R6 is X"f R7 Y n, wherein X, R7, and n have the significations given 
above, or at least one pair of adjacent Ri to R6 groups form a ring of the formula la given above or an 
orthoquinone linkage, and trihalomethyl forms, salts, esters and acid halides thereof which are readily 
hydrolyzed to form the acid of formula I. 
Applicant has found that such moieties of the 4 t 7-diphenyl-1,10phenanthroline-2,9-dicarboxylic acid form 
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highly stable fluorescent che.ates with lanthanide ^**£gZ^ SSS^SS^^ 
metal ion remains stabiy attached to the ^^-jJ^S^TS^?^ means limited to use of 
fluorescence of the chelate bound to the ^S£^^SSSSSSi chelates to? use in the present method 

5 ^^s^z^^s^^^ — **• and the detai,ed disdosure 

b rmunoreactive bodies, especially aniens and 

them whereby loss o[^rnv^B^^e ^6 o^^ ^ & Qf 

anlSSSy^ 

, 5 ,ab r irsLrorr^ -* * avoided since the 

' ligSntroduclng reactant does not need to react f .rectty w.th A. t ^ ^ 

"usually, in making the reagents of ^/^^f'^'^^^^of ligand moieties are 
protein or polypeptide. It has been ^^^"^^^5^^ the fluorescent light emission can 

protein; for example, the immunoreact.ve body may be "J " . human chorion j C gonadotropin 

Sigoxin or biotinjt may !>* <£ H *^^ *** ^ ""J 

^ y r^Po» 
serum albumin (BSA), thyroglobulin po^ 

one or more of alanine, phenylalan.ne, ser ne, tyros urn. J£°jJJJ^ a 9 nQ reduced forrns thereof, 
groups on the polymer chain, hemocya n.n . myosin ^ ,n ' ^f^^' aboV ementioned proteins and 
The abovementioned immunoreactive bodies may belnttd " ™?» . t d groups which 
polypeptides by, for example, using a bifuntionai reagen t tamg one J™^^ on the 9 oth ^ and a 

are present on one of the immunoreactive body and the protein ^^P^ or polypeptide but not on the 
second end group which is reactive ^ard g W 

immunoreactive body. For example, the reagent may^ ~ m ^» ■ N -hydroxy succinimide moiety 

cyclohexane-1-carboxylate (sulfo-SMCC ^^.^^S^^nm^Sore be reacted with 
at one end and a sulfhydryl group groups and free from 

immunoreactive bodies such as P^^^*SlS resufi conjugate immunoreactive bodies may be 
-SH groups. To introduce ^ Q f^^ a marker containing -NHa reactive 

reacted with, for example. BSA which has b8e "^ ha "^ e 'y_oie ties and which has been reduced to create 
groups so that all -NH 2 groups have .been .carted [^gSiSStm react with the malelmide moieties. 
-SH groups from its intramolecular disulfide "^^.J^XSiofliw^ng agent to form a biotinylated 
in other procedures, the immunoreactive body is reacted wS^'^'^menfloned patent applications) 
derivative. A marker compound (for example as d ^ b ^5'SSte 8 rfttrngand. The labelled avidin or 

KSSSL*. boi »hej.he **^ a ^™lirr, 75^. for «*. a** « 
Modifiotlore and combinations of «» a«^ 'ec "»*»* "Sfunollonal t.agont. and > InMfed 

biotinylated immunoreactive body. ^ flecoc arp nrovide d for making the above reagents which 

appSon but it will be appreciated that other markers may be employed. 
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The following Examples will be discussed with reference to the drawings wherein: 

Figures 1a and 1b show graphs plotting absorbance against 1 /dilution for titres of polyclonal 
anti-cortiso! antibodies and monoclonal anti-cortisol antibodies, respectively, after modification with sulfo 
SMCC; 

Figures 2a and 2b show graphs plotting fluorescence and absorbance against fraction number; s 
Figures 3a and 3b show graphs plotting standard curves for Cortisol assay by TRFIA ; 
Figure 4 shows a dose-response curve, and precision profile of an hCG assay; 

Figure 5 shows a correlation between an assay in accordance with the invention and a shown assay 
(LKB) on 74 patient samples measured in duplicate ; 

Figure 6 shows a correlation between an assay method in accordance with the invention and a known 10 
assay method (Bio-Rad) on 64 patient samples measured in duplicate ; 

Figures 7a, 7b and 7c are diagrams illustrating various labelling techniques according to preferred 
embodiments of this invention for labelling immunoreactive bodies ; and 

Figure 8 is a curve generated by TRFIA for a competition assay directly labelled Cortisol antibodies. 
Before discussing in detail the following Examples, the various types of labelling systems, according to 15 
aspects of this invention, are shown in Figure 7. Figure 7a shows a solid support 10 having bound thereto an 
immobilized immunoreactive body 12. The immunoreactive body may be an antibody specific to the analyte 14. 
A second immunoreactive body 16 specific to another site of the analyte 14 binds to the analyte. The second 
immunoreactive body may be a second antibody. The second antibody 16 has directly attached thereto the 
chelated fluorophors 18. £0 

According to the embodiment of Figure 7b, the second antibody 16 has a bovine serum albumin (BSA) 
molecule linked to the tail of the antibody 16. The linking element may be the reactant {sulfo-SMCC). The BSA 
molecule is, in turn, directly labelled with a plurality of the chelated fluorophors 18. 

According to the embodiment of Figure 7c, the second antibody 16 has a plurality of biotin molecules 20 
attached thereto. A plurality of streptavidin molecules 22 have directly attached thereto, a plurality of 25 
fluorophors 18. The streptavidin molecules are therefore linked to the antibody 16 by the biotin molecules 20. 

In each of these preferred arrangements of the assay system, the second immunoreactive body is labelled 
with stable fluorescent fluorophors 18 which, when subjected to stimulating energy, fluoresces to indicate the 
presence of the diagnostic immunoreactive body. 

Examples of immunoassay methods, reagents and methods of producing them are given below. 30 

Example 1 - Reagent and Assay for Cortisol 

A carrier protein, bovine serum albumin (BSA) was first exhaustively labelled with a chelate, and then the 
labelled protein was cross linked to a molecule of an antibody with a bifunctional reagent. A heterogenous 
competition assay was then carried out for serum Cortisol, with ovalbumin-cortisol conjugate immobilized in 35 
microtitration wells as the solid-phase. 

Materials 

Bovine serum albumin (BSA.RIA grade), ovalbumin, hydrocortisone 21-hemisuccinate and hydrocortisone 
21-hemisuccinate BSA conjugate (cortisol-21-BSA) were purchased from Sigma Chemical Co., St. Louis MO 40 
63178. Gelatin (EIA purity) was obtained from Bio-Rad Laboratories (Canada) Ltd., Mississauga, Ontario L4X 
2C8 and Sephadex G25 medium mesh from Pharmacia (Canada) Ltd., Dorval, Quebec H9P 1H6. A 
radioimmunoassay (RIA) kit for Cortisol, Cort-A-Count (trade mark) was purchased from Diagnostic Products 
Corp., Los Angeles CA 90045. 4,7-bis(chlorosulfophenyl)1,10-phenanthroline 2,9-dicarboxylicacid (Eurofluor 
S (trade mark) and hereinafter BCPDA) was synthesized according to the procedure described in applicants 45 
abovementioned patent application. Monoclonal antibody to Cortisol was purchased from Medix Biotech Inc., 
Foster City CA 94404 and polyclonal rabbit anti Cortisol (against cortisol-21-BSA) was purchased from 
Western Chemical Research Corp., Ft. Collins CO 80522. Protein concentration was carried out by 
centrifugation using Centricon (trade mark) 30 miroconcentrators from Amicon Canada Ltd., Oakville, Ontario 
L6H 2B9. so 

Enzyme immunoassay (EIA) microtitration plates were obtained from Flow Laboratories, Inc., McLean VA 
22102 and read on a EL309 microplate reader, Bio-Tek Instruments Inc., Winooski VT 05404. Fluordimmunoas- 
say (FIA) microtitration plates, Microfluor (trade mark) W, white opaque 96-well plates were purchased from 
Dynatech Laboratories, Inc., Alexandria VA 22314 and read on the CyberFluor (trade mark) 615 Fluorometer. 

High performance liquid chromatography (HPLC) was carried out using a BioSil TSK 400 size exclusion 55 
column from Bio-Rad Laboratories on a model 600 Gradient System equipped with a 490 variable wavelength 
detector (Waters, a division of Millipore (Canada) Ltd. Mississauga, Ontario L4V 1M5). 

Example 1(a) 

60 

Preparation of cortisol-ovalbumin conjugate. 

Cortisol ovalbumin was prepared by the mixed anhydride method. 50 mg (0.1 mmoles) of hydrocortisone 
21-hemisuccinate were dissolved in 10 mL dixane and 0.1 mL tri-n-butylamine added. The solution was cooled 
to 10°C. 0.02 mL isobutyl chioroformate added and the mixture stirred for 30 min. Then, '500 mg of ovalbumin 
(0.01 mmoles) dissolved in 10 mL of water adjusted to pH 9 with NaOH were added to the reaction mixture and 65 
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an3 the labelled BSA (BSA-BCPDA) stored at 4 C. 

NaHCOs) solid urea. ««*^g^^ttm was incubated for 1 h at 37 C. 
and 0.1 M respectively. The pH measureo was. 

Example 1(b) 

Sirs on a 05 mL *S 

ss? ^ *■«*- ^r^^sSd siSfcX * .«» .» «*. j» 

o fcG ~tio IS -«M0 MS. Prtor to p»««Wj jS'.gSf S3 WoaUd by addition of a Wo-fotd exoes. 

" v5SSS2 tonometer (LKB Wrtae. TBta. M»* „, (maloTO „20 .nd 1.200 in 1<* 

To S»£re the BSA^ooiug««l ■ rt *2SSSSS5 V SweiXoatlng was don. «*^J*I£SS 
BSA in TBS ware added to the wells of coated MWJsUor » pa e goaium bicarbonate and afterwards 

fS , , I o!r well ot a 5 eg/mL solution of cortisol-BSA waste The „„. 

K added. After 0 1* W ^^STJSJSJXfU. bound to fit. immobilized corbsoi-BSA 

(anti rabbit IgQ or anti mouse IgG for P 0 '* 0 ' 0 "^ ° r r™"^ ,re coated with cortisol-BSA conjugate and 
washing with water, 100 nL ^^^^JSS and Wo BSA were added and mcubated a t further 
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Example 1(c) 
Cortisol assays : 

A solid phase competition assay was used with immobilized antigen to measure Cortisol. MicrofiuorW plates 
were coated overnight at 4°C with 100 uL of 2 u.g/ml cortisol-ovalbumin conjugate in 0.1 M NaHC03. The 5 
plates were rinsed once with water and blocked for 1 hour at room temperature with 0.1 o/o gelatin, 0.1 o/o Tween 
20,50 mM phosphate buffer of pH 7.4 and stored in the same solution at 4°C. 

Before the assay, a plate was washed twice with 0,05% Tween 20 in saline (Tween/NaCI) and twice with 
water. Antibody (labelled BSA-conjugated antibody prepared as in Example 1(b) was diluted to 1/400 with 
respect to the starting material (1 mg/mL) in TBS containing 0.3 M trichloroacetic acid (TCA), 1% BSA and 150 10 
u,g/mL BSA-BCPDA to prevent possible fluor-serum interactions. 10 u.L of serum was pipetted into the wells 
and 100 u.L of antibody solution added. The plate was briefly shaken and incubated 1 h at 37°C. The plate was 
washed three times with Tween/NaCI and twice with water, then 100 u.L of 1x10" 5 M Eu 3+ in TBS was added. 
After five minutes, the plate was rinsed once with deionized water, dried with a stream of cool air and surface 
fluorescence of the dry solid determined on a CyberFluor 615 fluorometer. 15 

Results: 

Conjugation of Antibodies 

In the coupling scheme which is used to conjugate BSA-BCPDA to antibody, the antibody, which has no free 20 
sulfhydryl groups, is reacted with a bifunctional coupling reagent containing an amino reactive N-hydroxy 
succinimide moiety at one end and a sulfhydryl reactive maleimide group at the other end. The sulfonic acid 
group renders the reagent water soluble. The reagent is reacted first with the antibody to introduce maleimide 
groups (step 1). The BSA which has been exhaustively reacted with BCPDA (step 2) is reduced with DTT to 
create free sulfhydryl groups from intramolecular disulfide bonds in the native molecule (step 3). The exposed 25 
SH groups are then free to react with the maleimides introduced into the antibody (step 4). 

Since it is possible to get inactivation of antibody at high concentrations of coupling reagent, the effect of 
the concentration of coupling reagent in step 1 on the activity of the final conjugated antibody preparation was 
studied using both a polyclonal and a monoclonal anti Cortisol antibody. Antibodies were reacted for 1 hour at 
varying molar excess of sulfo-SMCC in step 1. The titre of the modified but unconjugated antibody was 30 
measured by on the HPLC fractions ELISA, using an HRP conjugated anti IgG in microtitration plates as 
described in methods (isolation of conjugated antibody). As shown in Figure 1 the monoclonal antibody 
preparation was highly active even after derivatizing with 500-fold excess of sulfo-SMCC, the polyclonal 
antibody inactivation was evident even at 25-fold molar excess of sulfo-SMCC (Fig. 1b). The monoclonal, was 
therefore treated with a 50-fold molar excess of sulfo-SMCC while the polyclonal was treated with a 20-fold 35 
excess, in step 1 . Because of the possibility of cross linking networks in step 4 due to the reaction of one BSA 
molecule bearing many SH groups with multiple molecules of derivatized antibody and also, of one derivatized 
antibody molecule with multiple molecules of reduced BSA, the reduced BSA/derivatized antibody molar ratio 
was selected to be very high (> 25 fold) so as to promote formation of IgG (BSA) n rather than BSA (IgG ) n . 

After conjugation, the conjugated and unconjugated antibody were separated by gel filtration on HPLC. The 40 
fractions were monitored for optical density, total fluorescence, fluorescent antibody binding to cortisol-BSA 
coated plate and total antibody binding to cortisol-BSA coated plates, using a second peroxidase conjugated 
anti IgG antibody in an ELISA assay as described in Material and Methods. The results of a typical monoclonal 
preparation is shown in Figs. 2a and 2b. There is a continuous spectrum of fluorescent antibodies present with 
different molecular weights, with a large fraction in the void volume. There are three peaks of total antibody 45 
activity as measured by the ELISA technique (Fig. 2b). the void volume (peak A), an included peak also 
corresponding to coupled antibody (peak B) and an included peak corresponding to uncoupled antibody 
(peak C). Only peak A and the first fractions of peak B were combined for use in the assays so as to ensure 
that essentially all uncoupled antibody is excluded. Assuming that the binding of the second antibody 
HRP-conjugated anti IgG is similar for all the fractions of anti Cortisol, irrespective of the degree of conjugation 50 
to BSA, 30-500/0 of the antibody is recovered in the conjugated antibody fractions combined and used for the 
immunoassay. 

Assay optimization 

An outline of the Cortisol competition assay is shown in Figures 3a and 3b. The calibration curves for the 55 
Cortisol assays were plotted with the ratios of the fluorescence of the standards, B, to the fluorescence of the 
zero standard, B D , expressed as a percentage, (B/B 0 x1000/o) were plotted vs the log of the Cortisol 
concentration. Figure 3a shows the results for a 20 uL sample volume, whereas Figure 3b shows the results for 
a u,L sample volume per well. 

Variation in the amount of coating in the microtitration wells from 50 to 500 ng of cortisol-ovalbumin 60 
conjugate had little effect on the overall shape of the calibration curve when this is plotted as (B/B 0 ) but the 
total antibody bound to the plate (proportional to B D ) reached its maximum at a coating of 200 ng/well. It was 
found that calibration curves with the conjugated polyclonal antibody became flat with no further change in 
(B/B o x100) when this value reached 30%, regardless of increasing Cortisol concentration whereas the curves 
with conjugated monoclonal continued to drop until a value of (B/B o x100) close to zero was obtained. 65 
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slnsitivUy was achieved in the whole range of clinically important values, (1-50 jig/dL). 
A TSgTSK » curve is shown in Fig. 3b. The steepest part of the curve is in the norma, range where 

91 S S«S^*«^~u^ a "ntm-cM RIA W (Diagnostic Products Corp.) « 
and an intercept of 0.51 u.g/dL. 

^Sod! and reagents for a sensitive noncompetitive sandwich immunofluorometric assay (IFMA) for the 
determination of AFP in serum and amniotic fluid. miC rotrter strip (or plate) well. A 

nllrogen laser beam and monitoring the specific delayed fluorescence at about 615 nm. 
Example 2(a) 

concentration of 500 ^lg/mL. To 1 mL or mis soiuiion, * «w- rhqri dissolved in 100 llL of 

^bSS^tod antibody soiution was diluted 1 :300 in 10 mmol/L Tris-HC1 buffer, pH 7.8 containing per liter 
400 mmols KCI, 10g BSa" 0.1g sodium azide and 0.1g thimerosal before use. 
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65 Example 2(b) 
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solution of NaHCOa, containing 0.025°/o (w/v) HC| buffer pH 7 8 containing per liter 
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Example 2(c) 
Immunoassay 

AFP standards 5 

Human AFP (InterMedico, Toronto, Canada) was calibrated against the International reference standard 
(72/227) for AFP. AFP standards covering a range from 1 to 1000 lU/mL were prepared in the standards diluent 
solution. 

Patient samples and controls 10 

Sera from pregnant women at various gestational ages, amniotic fluids and sera from patients with liver and 
testicular tumors were obtained from the Toronto General Hospital. Quality control human based sera were 
Tri-level ligand controls from Ortho Pharmaceuticals, Toronto, Canada. Amniotic fluid was diluted 100 fold in 
standards diluent solution before analysis. 



Comparative methods 

A commercially available radioimmunoassay procedure (Amersham Corp., Arlington Heights, IL 60005) and 
a time-resolved immunofluorometric procedure (DELFIA hAFP kit, LKB Wallac. Turku, Finland) were used. 
Both procedures were carried out using the manufacturer's instructions. 
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Preparation of microtiter wells (8 or 12 - well strips or 96-well. plates). 

Polystyrene white microtiter wells (Micro Fluor, Dynatech Laboratories, Alexandria, VA 22314) were coated 
with 200 ng/100 u,L/well purified monoclonal anti-AFP antibody (Medix Biotech Inc., Foster City, CA 94404, cat. 
no. A-013-01 ) dissolved in 50 mmol/L carbonate buffer, pH 9.6, for 18-20 h at 4°C. After coating, the weils were 
washed manually two times with wash solution. Tris-buffered saline (TBS), pH 7.5, containing 0.05<Vb (v/v) 25 
Tween 20. The wells were then blocked with 200 uL/well of blocking solution (0.1 mol/L solution bicarbonate, 
pH 8.3, containing 1<Vo (w/v) bovine serum albumin (BSA, RIA grade Sigma Chemical Co., St. Louis, MO 
63178), 2o/o (w/v) sucrose and 0.05% (w/v) sodium azide) for 1 h at room temperature. The wells were washed 
again as described above and stored dry at 4°C. 

30 

Immunoassay procedure 

Twenty u.L of standards or samples (duplicate or preferably triplicate measurements) were added to each 
well followed by the addition of 100 u.L standards diluent buffer. After the wells were incubated for 45 min at 
37°C (air oven), the wells were washed twice with the wash solution. 100 jiL/well of the 1:300 dilution of 
biotinylated anti-AFP antibody solution were then added, the wells incubated for another 45 min at 37°C and 35 
then washed as above. 100 jjiL/well of the mixed labelled streptavidin- Eu 3+ working solution were then added 
and the wells further incubated for 30 min at 37° C. The wells were then washed as above and dried using a 
forced air plate dryer. The fluorescence was measured on the solid phase in a CyberFluor 615 time-resolved 
fluorometer/analyzer using an excitation wavelength of 337.1 nm (nitrogen laser source) and an emission 
wavelength of 615 ± 5 nm (interference filter). 40 

RESULTS 

Incubation time and temperature 

The effect of the incubation time and temperature on the performance of the AFP assay were investigated. 45 
The quality of the calibration curve, the precision of the assay and the accuracy of measurements were 
monitored by analyzing a series of 20 clinical samples previously assayed for AFP by RIA. It was found that a 
precise and accurate assay could be established if the incubation times were fixed at 45, 45 and 30 min, at 
37° C. With this choice, an assay run could be completed in less than 3 h. 

50 

Sensitivity and precision 

The assay had a dynamic range of 1-1000 lU/mL (0.97-970 ng/mL) and a detection limit of 0.1 lU/mL, as 
calculated from the mean fluorescence +3 standard deviations of the zero standard. At concentrations of 
analyte > 1000 lU/mL, the curve of a log-log plot is relatively flat and cannot be used for analytical purposes. 

Precision studies were performed using tri-level commercial control sera. As shown in Table I, the 55 
intra-assay coefficients of variation (CVs) for AFP levels of 21.5, 58 and 170 lU/mL were 7.6, 5.4 and 6.2%, 
respectively. Inter-assay CVs for the same controls were 3.9, 8.6 and 1 .70/0, respectively. Day-to-day precision 
was also determined over a one month period for the same controls and found to be 7.2, 7.3 and 8.7%, 
respectively. 

60 

Recovery and linearity 

To assess the recovery of the assay, spiked serum samples were prepared by adding various 
concentrations of AFP to 9 pooled serum specimens (9 different additions in each, 100 or 200 lU/mL). The 
analytical recovery of AFP ranged from 72 to 125% with a mean of 104 + 17%. 

To evaluate the linearity of the assay, serial dilutions of 3 different samples were tested and the amount of 65 
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rrf AFP decreased linearity with increasing dilution, and 
confirms that the assay is free of any serum matrix effects. 

Correlation studies . maternal serum and 20 amniotic fluid samples from 

A comparison study with a commerc a. .^"^.Ide for maternal serum AFP and 
women at various gestational ages was " nde ^". ^SSr- 0.92 were achieved for serum and 

amnioticfluid AFP ™p^'°£!^ a commercial time-resolved 

Z^^^^aT^ 5aS?«f-«Al was observed when 90 serum samp.es were 
tested in both assays. 
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Table I 

Precision Studies with a -Fetoprotein Assay using 
commercial human serum-based quality control sera. 
Tyit-T-a -assay 

AFP (IU/mL) 
Sample Mean £P_ |CV 



21.5 



1.6 



7.6 



Kf> pT icates 
21 





II 


58.0 


3.1 


5.4 


21 




III 


170.0 


10 . 5 


6.2 


21 


30 














Tnter-assav 










sample 


Mean 


SD 


%CV 


Reel icates 


35 


I 


21.0 


0.8 


3.9 


4 




II 


68.0 


5.9 


8.6 


4 




III 


179.0 


3.0 


1.7 


4 


40 


Day-to-day 












Sample 


Mean 


SD 


%cv 


Pepl icates 




I 


19.1 


1.4 


7.2 


11 


45 


II 


68.4 


5.0 


7.3 


10 




III 


171.7 


14.9 


8.7 


10 



55 



50 

^^unofiuorometr-^ 

principle, and was performed in m.crot. er ^P^^^SS^SSS^- The degree of binding of 
solid phase, and biotin-labelled monoclonal to intact hCG as then on* eno n ani.oo * * BCPDA which 

S biotinylated antibody to captured "CG mo.ecu.es ^^XX^oX^^^^^ 

GO Materials and Methods 

1. Reagents and Buffers f<! n<»eifie activitv 6200 lU/mg), and human LH (specific 

Human TSH (specrt.c activity, 6.6 lU/mg) human , FSH specific act. vrty lu/ ^ jne serum albumini 
activity 5000 lU/mg). were obtained from Sigma Chem.cal Co St. Louis^ MU Mi'»- 
* bS globulin and streptavidin (cat. no. S-4762) were also from Sigma. 
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The coating buffer was 0.01 mol/L Tris, pH 8.25, containing 0.1 mol/L NaCt. The blocking buffer was 0.1 
Mol/L carbonate, pH 8.3, containing Wo BSA and 0.050/0 sodium azide. The assay buffer was 0.05 moI/LTris, 
pH 7.8. containing 0.15 moi/L NaCI, 0.05% sodium azide, O.50/0 BSA, O.O50/0 bovine globulin and 0.01 0/0 Tween 
40. The streptavidin-europium buffer was 50 mmol/L Tris, pH 7.8, containing 0.15 mol/L NaCI. 1% BSA, and 
O.50/0 sodium azide. The wash solution was 0.15 mol/L NaCI, containing 0.05% Tween 20, and 0.05% sodium 
azide. 

2. hCG Standards 

Purified hCG (specific activity, 3310 lU/mg in terms of the first IRP, 75/537, for immunoassay) was obtained 
from Calbiochem, Behring Diagnostics, La Jolla, CA 92037. The preparation was reconstituted according to 
the manufacturers recommendation, and diluted in hCG-free human serum (Chemicon International Inc., El 
Segundo, CA 90245) to give the desirable standard concentrations. 

3. Monoclonal Antibodies 

Monoclonal antibody to beta-subunit of hCG (cat. no. H-298-12), and to intact hCG molecule (cat. no. 
H-296-01), where DEAE-column chromatography purified immunoglobulin fractions, purchased from Medix 
Biotech Inc., Foster City, CA 94404. The degree of cross-reactivity of these antibodies, as determined by the 
manufacturer in a conventional RIA. were: hCG 100%, hCG beta 1000/o, hCG alpha O.Oo/o, hLH 0.3%, and hTSH 
0.020/0 for the antibody to the beta-subunit of hCG; and hCG 1000/o, hCG beta 0.00/o, hCG alpha 0,0%, hLH 
900/0, hTSH 850/o, and hFSH 16o/o for the antibody to intact hCG molecules. A monoclonal antibody to human 
LH(hLH) was also obtained from Medix Biotech (Cat. no. L-461-01). 

4. Specimens 

Human serum samples containing various concentrations of hCG were provided by Hospital Incommon 
Laboratory, Toronto, Canada. These samples were from pregnant and non-pregnant females, and had been 
stored at -20° C. To exclude any possible effect of storage on hCG concentrations, the samples were 
concurrently tested with the present method and the comparative kits. Specimens exceeding 500 I.U hCG/L 
were diluted with hCG-free serum to bring them within the measurement range of the assay. Lyphochek 
immunoassay control serum (human) levels I, II and III were from Bio-Rad Clinical Division, Richmond, CA 
94801. 

5. Comparative Methods 

Two commercially available kits were used as comparative methods. The EchoClonal hCG Assay (Bio-Rad) 
was a sandwich type immunoradiometric (IRMA) procedure. It uses solid-phase monoclonal anti-hCG 
antibodies bound to immunobeads, and lodine-125 labelled monoclonal anti-hCG antibodies as the tracer. 
This assay is a single reagent procedure, combining the solid phase and the tracer in a tracer/immunobead 
reagent. The counting of radioactivity and data reductions were performed with the LKB-Wallac (Turku, 
Finland) 1275 Minigamma counter. 

The DELFIA hCG Assay (LKB-Wallac) was a time-resolved immunofluorometric procedure. As the solid 
phase it uses a monoclonal antibody to hCG beta-chain immobilized into wells of microtiter strips. The tracer Is 
a monoclonal anti-hCG alpha-subunit labelled with europium. The measurement of fluorescence was 
performed on a LKB 1230 Arcus fluorometer. 

Both kits were calibrated against the World Health Organization (WHO) first international reference 
preparation (IRP 75/537) for immunoassay. Procedures recommended by the manufacturers were followed for 
duplicate measurements of the specimens. 

Example 3(a) 

Biotinylation of Antibody 

The monoclonal antibody against hCG intact molecule (Anti-hCG) was biotinyiated according to the 
following procedure. A 0.5 mL aliquot of the antibody solution (1 mg/mL in 0.015 mol/L potassium phosphate 
buffer pH 7.2 containing 0.15 mol/L NaCI and 0.1o/o NaN3) is mixed with 0.5 mL of a carbonate/bicarbonate 
buffer (0.1 mol/L, pH 9.0). To the mixture is then added a 500-fold molar excess of NHS-LC-Biotin dissolved in 
100 \iL of distilled water (dH20), and incubated at room temperature for 30 minutes, The unconjugated biotin is 
then removed by dialysis in tubing with M r -1 000 cutoff at 4° C for 24 hours against several changes of 0.1 mol/L 
sodium bicarbonate pH 8.3 containing O.O50/0 sodium azide. The biotin- anti-hCG conjugate was then titrated 
to determine the optimal concentration for the assay, and stored at 4°C. Prior to use the antibody is diluted 
with the assay buffer to give a working dilution of 1 to 100. 

Example 3(b) 

Labelling of Streptavidin with BCPPA 

Affinity purified streptavidin (Sigma) was dissolved in 0.1 mol/L carbonate/bicarbonate buffer, pH 9.1 t to 
obtain a concentration of 0.15 mg/mL. To an aliquot of this preparation was then added a 50-fold molar excess 
of BCPDA dissolved in N,N-dimethylformamide (Sigma) at a concentration of 35 mg/mL. As exemplified in 
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5 Example 3(c) 
Assay 

Immobilization of Anti-hCG B-Subunit immobilized by adsorption onto wells of 

10 The monoclonal antibody to hCG P^^J^S^ W aT per well of anti-hCG-beta monoclonal 
microliter plates or strips. The coat.ng was pnf»dty *dmo loo ul P inC ubation at 4°C, the 

antibody prepared at a concentrat.on of 5 ug/mL in the P^JJJ^Jo. To block the remaining active 



15 



20 



25 



Assay Procedures ,«„ rt0 H «A,i.h thP assav buffer to a concentration of 5 ug/mL. 50 uL 

Biotinylated mo noclonal anfbody was dilutee I wtth the as WJJJJ solution were then pipetted 

duplicates of hCG standards or serum ^^^J^^KSs of an automatic shaking device, they 
into microliter wells. After shaking the ^£^ , ™?t2 reaction mixture was then removed, and the 
were allowed to incubate at room temperature for two hours, i ne react"'' Binding of biotinylated 

SE were washed four times with the .wash so.ujon ^^^SStSS^Si containing BCPDA 
antibody to hCG was determined by add.tion ^- pe r OT in « t ^ prepared by diluting 

labelled streptavidin (1.5 ug/mL) and EuCIa (1Cr s mo WL) The .moon or r g (immol/Lin 
(1 :100) the stock preparations of BCPDA «2^2XS25 icubZn at room temperature, wells were 
0.01 N HCI) with the ^^^^^JfZ^s^r^^io^ air plate dryer, and the 

30 Results 

tloMction Umi l and Dynamic Rsnga of the Assay ln Figure 4. Points represent mean 

A typical dose response cure. obla»»d »al, the assay op of zero standard Is subtracted. A 

""Kng the — corresponding ^™ 

tn. CV m ttra linear rang, ot the assay * *„. NnQ , ^^.y prolonged plateau, begins to 

observed with sandwich assays. 

^uetefhe precision ^^-^^T^^^^^^^^^ 
a pooled human serum sample were u^. "mer-ren ^S^w«W repeat anatyiJ., In duplicate, of the 
each sample In the sam. run. Assessment of gj?!? JnJwl by determining. In duplicate. 

a^rSrSr. SSU betereen tne axpeotad end msesured 
hCG values, with excellent correlation between them. 

SffrZ^P»-^ „ sv.rag. v*ue of «~ 
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Cross-reactivity 

Interference from other hormones was tested by two experiments. In one, the response of the assay to 
increasing concentrations of hTSH, hFSH and hLH in the absence of hCG was measured. Of the 
concentrations of hTSH (50-200 mlU/L), and hFSH (50-200 IU/L) tested, none produced a response 
significantly different than the two SD range of the hCG negative sample. The hCG response of the sample was 
significantly increased with hLH at concentrations greater than 100 IU/L with a maximum cross-reactivity of 
about 180/o (Table 5). 

In the second experiment, the same concentrations of these hormones were added to serum samples 
containing a fixed concentration of hCG (100 IU/L). This was done to evaluate the possibility that at high 
concentrations, these hormones might compete with hCG for binding to the biotinylated anti-hCG-alpha 
monoclonal antibody, thus producing a false negative effect. With high concentrations of hTSH and hFSH 
present, the hCG response did not change more than the two SD range of the expected value (i.e. 100 IU/L). 
Similarly, hLH did not appear to have any false negative effect on hCG detection, but rather generated a false 
positive interference. The degree of cross-reaction was the same as that noted in the previous experiment, 
cross-reacting at a maximum of about 170/o. 

Because of the significant contribution of hLH to the assay response at a concentration range that 
corresponds to physiological as well as pathological levels (about 200-400 IU hLH/L), the possibility of 
including a scavenger anti-hLH antibody to the system was investigated. A monoclonal antibody against the 
beta subunit of hLH appeared most effective. This antibody at a concentration of 1 ng/mL (i.e. 50 ng/well) was. 
capable of practically eliminating the hLH cross-reaction (Table 5). Only about 2% cross-reactivity remained at 
500 IU/L, indicating that hLH, even at pathological concentrations, would not lead to any false positive or 
negative results in the hCG assay. 

Correlation with Immunoradiometric and Immunofluorometric Assays 

hCG concentrations in serum samples from pregnant and non-pregnant females were assayed, in duplicate, 
by the present method (TRFIA) and the comparative immunoradiometric (Bio-Rad) and immunofluorometric 
(LKB) procedures. There was a good agreement between the values obtained with the test method and the 
comparative kits. The correlation coefficients with the LKB and Bio-Rad assays were R = 0.99 and R=0.97 
respectively, indicating the reliability of the present procedure (Figs. 5 and 6). 

TABLE 2 

WITHIN-RUN, BETWEEN-RUN. AND DAY-TO-DAY 
PRECISION OF THE ASSAY 



Within-Run (n=21) 
hCGflU/L 



Mean 


SD 


%/CV 


14.5 


0.62 


4.33 


52 


2.74 


5.26 


210 


9.03 


4.3 


400 


24.3 


6.08 



Between-Run ( n=l 6 ) 

hCG. IU/L 

Mean SD %/CV 

14.52 0.90 6.2 
57.06 3.41 5.9 
225.6 18.2 8.0 



Dav-to-D av (n=12) 

hCG . IU/L 
Mean SD %/CV 

13.45 1.30 9.7 

54.09 2.80 5.2 

212.2 15.3 7.2 

454.4 31.5 6.9 
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j-] — tttt" sf BnaaaoN w tth hish *cg cgsemsimm 

S^Ele_j3 Sample ?*? gssipleSS 

Dilution Expected teasurai Expected Measured Expected Measured 



Nons 




440 






450 





310 


1/2 


220 


210 




225 


220 


155 


160 


1/4 


110 


100 




112 


105 


78 


79 


1/8 


55 


49 




56 


52 


39 


40 


1/16 


28 


25 




28 


26 


19 


21 


1/32 


14 


13 




14 


14 


10 


10 


a, 


R=1.00, 


Slope= 


0. 


9567, Y=-2 


.1464 






b, 


R=1.00, 


Slope= 


=0. 


9778, y=-l 


.9091 






c, 


R=1.00, 


Slope 


1. 


0281, y=0.2552 







TABtE 4 

pgrnvrav OF faCg AHDED ^" THKEE SERUM POOLS *- 

hCG, IU/I 

JaeG _ M ded Measured Recovered ^BaSSBOE^ 

Sam ple 1 

0 '° W 45.3 92 

il' 5 105 103.3 104 

99 im 105 

198 210 203.3 

Sample 2 

°-° «l 5<T 101 

49 • 5 So 101 102 - 

99 I 28 no,, 100 

198 215 198 

Sam ple 3 

0.0 98 ~ 1Q5 

49.5 150 52 1 

99 200 l° 0 l 102 

198 300 202 

a, 300 aliquots of each standard hCG preparation was 
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added to 3 ml aliquots of each serum pool. 

b, % Recovery = (Concentration recovered/Concentration 

added) 

TABLE 5 



IH added 21 


hCG Equivalent % 


Crossreaction 


hOG Equivalent 


%Crcssreaction 


10 


100 




12 


12 


15 


15 


15 


200 




30 


15 


32 


16 




500 




90 


18 


86 


17 




IH add 


led* 3 










20 


100 




1.0 


1.0 


0.0 


0.0 




200 




1.7 


0.8 


0.0 


0.0 




500 




14 


2.8 


5.0 


1.0 


25 


a/ 
b, 


in 
in 


the absence of 
the presence of 


anti-hLH 
anti-hLH 






30 



35 



Example 4 

Labelling of Monoclonal Antibodies 

Generally, selected monoclonal antibodies may be directly labelled with BCPDA. For example, a monoclonal 
antibody specific to Cortisol can be labelled as follows. 0.20 mg/ml of the monoclonal antibody fn 0.1 M 
carbonate buffer of pH 9.1 was mixed with a freshly prepared absolute ethanolic solution of BCPDA by adding 
the solution in 4 aliquots at 1 minute intervals while continually vortexing the solution. The excess of BCPDA 
added over the amino group concentration on the monoclonal was 0.5 fold. The working monoclonal antibody 
solution had a concentration of 2 u.g/ml. The diluent for the working solution was 50 mM Tris buffer of pH 7.80 
containing 9 g NaCI, 10 g BSA and 0.5 g sodium azide per liter. 

Preparation of thyroglobulin-cortisol conjugate 

A standard procedure to prepare conjugates as described in Erlanger et al (1959) "Steroid-protein 
Conjugates: Preparation and Characterization of Conjugates of BSA with Progesterone, Deoxycorticosterone 
and Esterone" J. Biol. Chem. 234, 1090 was modified as described by Elder et al (1987) "An 
Enzyme-Linked/lmmunosorbent Assay (ELISA) for Plasma Progesterone: Immobilized Antigen Approach" 
Clin. Chem. Acta . 162, 199 to prepared the desired conjugate. In accordance with the modified method, 
Cortisol 21-hemisuccinate was used instead of progesterone-3-o-carboxymethyloxime. - 

Coating of Microtitration Strips 

The coating buffer was a 0.1 M carbonate solution of pH 9.5. The blocking buffer was a 50 mM sodium 
phosphate solution of pH 7.4 containing 9 NaCI, 1 g gelatin and 1 mL polyoxyethylenesorbitan monolaurate 
(Tween 20) per liter. The wash solution was a 9 g/L NaCI solution containing 0.5 mL Tween 20 and 0.5 g sodium 
azide per liter. 

The strips were coated overnight at room temperature with 100 u.L of a 6 u.g/mL solution of 
cortisol-thyroglobulin conjugate in the coating buffer. After coating, the strips were rinsed once with the wash 
solution, blocked for 1 h at room temperature with 200 u.L of the blocking buffer, washed twice and dried 
overnight at room temperature, preferably under reduced pressure. Stored in sealed plastic bags at 4° C with 
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desiccant, they are stable for several weeks. 



Monoclonal antibody Cortisol g*gO™g^g were washed ^ce with the wash 

Before initiating the assay tne con,so| - + ! n y7 r> g ' 0 ^^ ^ 100 aL of the BCPDA-labelled monoclonal 



standards as show in Figure 8. 



15 



20 



25 



30 



35 



40 



wonYmg solution of the polyclonal antibody is at a concertration * 20 ^'ml. 
The Vog.obunn-cortiso. -njugate and micr^ antjbody as 

the utility of this system as a viable form of immunoassay, 
or the scope of the appended claims. 
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Claims 



"T«£^^SK5=SrK2fSi« before its fluorescence ,s 

60 T A nSthod according to claim 1 in »hich th. ligand is a reoiet, of a 4 7-aiph.ny|.t.t<H>t»r»nthrolin^ 

2-9 dleerhoxvlle acid capaljle of fluorescing in the presence of e lanthanide meal ion. , 
a a^irSd ot claim If 2 or 3 in which the immunoreectlve Body immobil.zed on sea) solid phase is 
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growth hormone, prolactin, antibody to Cortisol, antibody to a-fetoprotein, antibody to human chorionic 
gonadotropin and antibody to Rubella virus. 

5. A method of any of the preceeding claims in which said lanthanide metal ion is selected from the 
group consisting of europium, terbium, gadolinium, samarium and dysprosium. 

6. A method of claim 4 in which said immobilized immunoreactive body is a-fetoprotein, said 
complementary immunoreactive bodies are monoclonal antibodies specific to said a-fetoprotein, said 
monoclonal antibodies having directly connected thereto said fluorescent chelate labels. 

7. A method of claim 4 in which said immobilized immunoreactive bodies are Cortisol molecules, said 
complementary immunoreactive bodies are monoclonal antibodies specific to said Cortisol, said 
monoclonal antibodies having directly connected thereto said fluorescent chelate labels. 

8. A method of claim 4 in which said immobilized immunoreactive bodies are Cortisol molecules, said 
complementary immunoreactive bodies are antibodies specific to said Cortisol molecules, said antibodies 
being linked by a linking bifunctional reagent to a protein labelled with said fluorescent chelate labels. 

9. A method of claim 8 in which said protein is bovine serum albumin and said linking component is 
derived from sulfosuccinimidyl-4-(N-maleimidomethyl)cyclohexane-1-carboxylate. 

10. A method of claim 4, wherein said immobilized immunoreactive bodies are monoclonal antibodies 
specific to Cortisol which is bound to said solid phase, said complementary immunoreactive bodies are 
polyclonal antibodies specific to said monoclonal antibodies, said polyclonal antibodies having directly 
connected thereto said fluorescent chelate labels. 

11. A method of claim 4, wherein said immobilized Immunoreactive bodies are selected from the group 
consisting of human chorionic gonadotropin and a-fetoprotein, said complementary immunoreactive 
bodies are antibodies specific to the selected immobilized immunoreactive bodies, said antibodies being 
biotinylated and having bound thereto avidin or streptavidin wherein avidin or streptavidin has connected 
directly thereto said fluorescent chelate labels. 

12. A method of claim 1, 2, 3 or 4 in which said complementary immunoreactive bodies comprise a two 
component system, a first component is immunoreactive with said immobilized immunoreactive body, 
said first component being biotinylated, any excess of said first component being removed, reacting a 
second component of avidin or streptavidin with said biotinylated first component, said second 
component being labelled with with moieties of a ligand forming with lanthanide metal ion a fluorescent 
chelate label. 

13. A reagent for immunoassay characterized in a residue of an immunoreactive body linked to a residue 
of a protein or polypeptide, said protein or polypeptide being labelled by substitution with moieties of a 
ligand forming fluorescent chelates with lanthanide metal ions. 

14. A reagent according to claim 13 wherein the immunoreactive body is a hapten and said residue of a 
protein or polypeptide comprises a residue selected from the group consisting of residues of bovine 
serum albumin, thyroglobuiin, polylysines of molecular weight 4,000 to 400,000 and lysine copolymers with 
one or more of alanine, phenylalanine, serine, tyrosine, tryptophan and glutamic acid, hemocyanin, 
myosin, ferritin, catalase and reduced forms thereof. 

15. A reagent according to claim 13 or 14 wherein the body is linked to said molecule through a divalent 
residue of a bifunctional reagent. 

16. A reagent according to claim 13 or 14 wherein said immunoreactive body is biotinylated and said 
protein is avidin or streptavidin which is substituted with a plurality of moieties of a ligand forming a 
fluorescent chelate with lanthanide metal ion exhibiting a Stokes shift of at least about 200 nm. 

17. A reagent according to any one of the preceeding claims wherein the ligand is a moiety of a 
4,7-diphenyl-1 ,10-phenanthroline-2,9-dicarboxylic acid. 

18. A reagent according to any one of the preceeding claims, wherein said lanthanide metal ion is 
europium. 
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